rian injuries. In that country, pedestrian injuries account for 6 30o of childhood fatalities from all causes between 1-14 years, and 9-30o of deaths from all causes in children between 5 and 9 years, the highest risk group in childhood.2 The childhood annual pedestrian death rate in other industrialized nations is similar: Australia 3 1,4 New Zealand 3 0,5 and the United Kingdom 2 46 deaths per 100 000 persons between 1 and 14 years old.
Why are children, especially young children, at such high risk? Childhood pedestrian injuries result from a highly complex interaction of many possible factors.7 A full analysis would include risk factors related to the child, the driver, and the environment (table). In this review we consider only one aspect of the problem: the developmental attributes affecting the behavior of children that make them more likely to be struck by a vehicle. We address the Somefactors 18 months, during which time the infant builds concepts by interacting with the environment. Responses that were originally based on instinct become shaped by acquisition of knowledge concerning properties of objects in the environment. For example, if a mobile is more interesting to infants after they make it move, they will touch it more often. Infants begin to perceive themselves as causal agents, and eventually learn to behave in a manner needed to achieve their desired outcome.
Epidemiologic studies note that young children are at increased risk of pedestrian injuries in driveways'°and other relatively protected areas. Two factors contribute to this risk. First, children may be drawn toward, rather than away from, moving vehicles. Second, infants
have not yet fully developed the concept of object permanence -that an object still exists even though it has been moved out of sight. To an infant, then, a vehicle parked in the garage may not exist if it cannot be seen from where the infant sits in the driveway, or if it is located beyond a blind bend in the road. Fortunately, object permanence in children begins to emerge slightly before they begin to walk.
PREOPERATIONAL STAGE
The second stage of development described by Piaget spans from about 18 months to 7 years. Such children acquire symbolic operations, including the ability to imitate in the absence of a model, form mental images, draw and play symbolically, and use language. These enhance the ability to fantasize, allowing children to escape the immediate environment and experience new events. During this time, motor skills expand, including running and jumping. The capacity for fantasy and increased locomotor skills broaden the child's range of expression. For example, a child may play simultaneously the role of fireman, fire truck, hose, ladder, engine, siren, burning building, and the occupants of the building."I Such enhanced activity, in concert with a separation from reality and its attendant restrictions, places the child at increased risk of pedestrian injuries, for how can a soaring airplane be concerned with where the road begins?
Early studies reported that children in the preoperational stage could not depart from their own point of view (egocentric thinking).'2
In the child's view, the world centers on him, so ifhe can see himself, the world also can see him. For this reason, preschool children may have difficulty imagining that a driver cannot see them standing between parked cars. Similarly, children see no need to assess traffic before running across the street, because, from their point of view, the environment exists to serve them. Early studies also reported that children at this stage used only the most fundamental systems to classify an object (rigid thinking). For example, a preschool child presented with two clay balls of equal mass will recognize that they have equal amounts of clay, if they are both shaped as spheres. However, if one is flattened, the preoperational child will think it has more clay because it has a larger circumference, since size is a fundamental means of classification for children of this age. Using this rigid system of classification, a child may perceive all wide streets as dangerous, but all narrow streets as safe, because size is the only basis for classification.
More recent theory uses a 'constructivist' approach to understanding cognitive development. In this approach, humans are 'active processors of information who construct their own reality . . . through active physical and mental manipulation of the environment. ' The third stage spans from about 7 years to adolescence. Attention has been focused on three of the conceptual skills such children acquire -skills of conservation, classification, and combination. Conservation, the ability to determine, for example, that the same amount of clay is present whether it exists as a ball or pancake, is now established. Classification skills are structured according to principles of logic. During the concrete operational stage, children will form a hypothesis and use it to guide their classification system until it fails, at which point they will form a new hypothesis. Such skills greatly enhance the ability to identify dangerous situations. However, performance is inconsistent while these skills are developing. Similarly, the child who can classify well in one dimension may have difficulty classifying in another dimension. For example, a child may be able to conserve the mass of the clay objects, but not be able to The crossing behaviour of children appears to differ substantially from that of adults. 25 Adults base crossing decision on the best time to cross, while children base it on the best place to cross. In one study, most children preferred to cross the street where a traffic island was located, presumably because it simplified the task by dividing it in half. However, adults seldom preferred to cross at that site, perhaps because it might take longer to cross. Adults begin observing and judging traffic long before reaching the curb, which enables them to hesitate less at the curb. They then cross diagonally at midblock, following closely behind the last vehicle that passes them. This maximizes the gap distance to the next oncoming vehicle. Those children who do observe traffic before crossing tend to stop at the curb at midblock before assessing traffic, which increases curb delay. They then cross the road at right angles to the curb, preferring the shortest distance to the shortest time. The adult pattern is adopted by children by 11-12 years of age. The adult pattern, although more efficient, probably increases exposure to traffic because of the additional time spent in the roadway.
What necessary traffic skills do children lack at various ages? Precrossing skills include planning the route, detecting traffic, making a judgment about its threat, and making a decision about whether and how to cross. Crossings skills principally involve motor development and continuous feedback about decisions made. In considering the following studies, the reader should be cognizant of several facts. First, experimental studies, such as those discussed below in which children are presented with a real or simulated roadway, assume that the child looks for traffic and recognizes traffic after seeing it. In fact, however, fewer than 40°!, of the children struck do both.26 Second, simulated studies or performance tests supervised by adults may not instill the anxiety or confusion that may occur in real traffic, thus overestimating the child's ability to perform. Third, most experimental studies do not present complex threats that are more realistic, such as several vehicles travelling at different speeds or in different directions. These are likely to be even more difficult for the child to judge.
PLANNING A ROUTE
Planning a safe route is difficult for young children up to 9 years old. Even then, there may be some problems in finding a safe place to cross a road. Younger children favor the most direct route over seeking the safest places to cross. Accordingly, the young child may cross in midblock at right angles to the curb, but cross an intersection diagonally rather than performing a two part right angle crossing. Once traffic is seen or heard, it must be heeded. The first step is to recognize its importance. Young children cannot rapidly identify and discard irrelevant, distracting cues. Before the stage of formal operations, children lack the ability to concurrently process more than one feature of a situation. Young children more readily attend to incidental aspects of a visual field during scanning, especially if it is new, surprising, or something with which the child is emotionally involved."42 Before age 5, control of attention is almost lacking; after that, irrelevant information is not always ignored. Before age 6, children may not have an automatic search plan. Children 6-7 years of age can learn which situations call for a planned, systematic search, but they may not focus sufficiently to conduct this search until they are about 11 years old.4345 Such developmentally normal attention deficits cause the young school age child to be unreliable in traffic.
MAKING CORRECT JUDGMENTS ABOUT TRAF-FIC THREATS
Crossing decisions include whether or not to enter the roadway, the place to cross, the path to take, how fast to travel, and how the driver might react. A sound decision on whether to enter the roadway should be based upon recall (experience) and monitoring of the traffic detected, including the distance, speed, and anticipated direction of vehicles and the opportunities provided by various gaps in traffic. The time that has elapsed while making the decision also needs to be incorporated. Successful crossing performance also requires reliable estimation of the pedestrian's walking speed, peak capabilities, and distance to the other side ofthe road or a traffic island. Integrating all these aspects is difficult for the child, especially one inexperienced in traffic, and result in a longer decision making time. In fact, a 5 year old requires about twice as long to reach a pedestrian decision as an adult.'& This leaves even less time to execute an imperfectly planned crossing.
Vehicle distance
Before the concrete operational stage begins at about 7 years, the child's system of classification is based on familiar and obvious traits such as size. Assessment of distance depends in part on comparing the size of the vehicle to objects located near to and far from the observer, using the memory of the absolute size of a vehicle from previous encounters. Unfortunately, children have a limited ability to correctly retain the true size of an object ('size constancy') as it is moved farther from them, with the limit of accuracy reached at about 60 
Another problem is the inflexibility with which young children (generally before age 10), follow rules. This could endanger children faced with a new traffic situation. When an inflexible view of rules is combined with the normal egocentric view of young children, a child may 'logically' conclude that walking in a pedestrian crossing zone renders him magically safe from all harm. For example, children 5-6 years old taught the Green Cross Code did not know its purpose, but would repeat the words when crossing as a talisman to ward off cars. 70 Classroom posters and other printed material are often used in pedestrian education. However, the limited attention of young children, combined with their difficulty in selecting relevant cues, suggests that the effectiveness of such materials may be limited. In one study, less than 10% of children could remember the content of the poster, and after a single lesson, only about one fourth of children 7 years or younger could recall the safety points illustrated.7' In another study, classroom teaching using a A developmental perspective suggests that traditional pedestrian traffic education has limited value for young elementary schoolchildren, and that most efforts targeting this age group should be directed towards improving the roadway, vehicles, drivers, and adult supervision. However, this does not preclude the importance of educating or training the child. As noted, pedestrian injury has many causes, and child behavior may be amenable to education and training. Those behavioral aspects amenable to improvement are worth tackling, but, to be useful, the education and training provided must be based on the child's developmental stage and consequent ability to comprehend and incorporate such information.
Meanwhile, developmental experts, especially educational psychologists and behavioral scientists, should be encouraged to participate in developing new techniques that might improve pedestrian behavior of young children. For example, virtual reality computer programs could be developed to allow repetitious, individualized, staged instruction of dealing with traffic threats using a personal computer. They also should be encouraged to conduct more observational studies of real life crossing patterns of children at various ages, cultures, and urban and rural settings, to determine the social norm of young children walking to and from school and at play. This might indicate circumstances where an adult, rather than an older sibling, needs to supervise the young child. Because very young children cannot be taught effectively how to deal with traffic, urban planners and traffic engineers should be encouaged to develop safer residential communities by restricting vehicular access and slowing traffic, and to discourage playing in the street by introducing safe playgrounds. 83 Adult supervision, however, remains a principal solution for young children. Parents and child safety advocates should promote better parent assessment of children's capabilities, and more adult supervision of child pedestrian behavior, during the grade school years.84 This is particularly important because the ages at greatest risk coincide with the period when parents are most likely to overestimate their children's pedestrian skills.85 All such efforts should be undertaken with developmental characteristics of children in mind. The age at which adults should permit children to cross the road independently is related to many factors, including especially the type of roadway, traffic density, visibility of children at the roadside, and their developmental stage. The parent should not assume that, because a child can cross some streets under some conditions, that he or she is ready for independent (unsupervised) walking. Instead, the parent should either ensure adult supervision, or establish rules to indicate which path(s) the child may take on commonly traveled routes and which streets may be crossed independently. In our opinion, as a rough guide, daytime crossing of low traffic residential streets familiar to the child should be supervised until about age 7 or 8. Busy streets with several traffic lanes and a signalized crosswalk could be negotiated independently by most children at about 12 years. Road crossing of major arteries should be supervised until adolescence. In summary, the child's developmental stage dictates how he or she views and responds to vehicular traffic. Pedestrian training and education must fit the fundamental framework of the child's thinking to be effective. Because certain aspects of training are not within the reach of toddlers and preschool children, environmental countermeasures and adult supervision must be relied upon. Awareness of the stages of child development and their impact on pedestrian skills should help parents, educators, and injury prevention experts protect child pedestrians better. DWI charges and severity of injury A study abstracted in Inroads -the Quarterly Bulletin of the AAAM (winter 1996) and originally published in the Annals of Emergency Medicine (1996; 27: 66-72) concludes that injured alcohol-impaired drivers who require at least emergency treatment are infrequently charged with DWI, and that, the more severe the injury, the less likely a DWI charge.
Not drunk?
A driver in Montreal who ran a red light, killing one passenger in another car and severely injuring another, claimed not to be drunk. He refused a blood sample, claiming he had 'felt hot and then blacked out' thus causing the 'accident'.
Passing strange I admit, it seems strange for a journal editor to be excerpting material from another's abstracts, but Jan Shield's Child Safety News is so good it is hard to resist. In the March 1996 issue, she includes a paper called 'Making reading easier' which I urge all our authors to read and take to heart (Archives ofDisease in Childhood 1996; 74: 180-2). As well, I was struck by the wide range of 'mainstream' journals publishing child injury papers: the BM7, Developmental and Behavioral Pediatrics, Pediatrics, Archives of Pediatrics and Adolescent Medicine, JAMA, the Medical Journal of Australia, to name but a few. Equally important are the smaller journals that also need to be considered: Children's Environments, Journal of Trauma, Pediatric Annals, Journal of Burn Care and Rehabilitation, Annals of Emergency Medicine, Journal of Public Health Medicine; these are but a few examples.
